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(57) ABSTRACT

A stereoscopic 1mage display apparatus according to an
embodiment includes: a display device including a display
panel including pixels, and an optical plate controlling light
rays emitted from pixels; a camera provided 1n the display
device; a face tracking unit making a decision whether a
viewer exists in front of the display device based on an 1image
picked up by the camera, and if the viewer exists, sampling
and detecting a distance from the display device to the viewer
and a position of the viewer; a memory storing the position of
the viewer sampled and detected by the face tracking unit; and
an 1mage display control unit estimating the position of the
viewer based on the position of the viewer stored in the
memory and drniving and controlling the display panel on
based on the estimated position, when the face tracking unit
does not recognize that the viewer exists.

4 Claims, 3 Drawing Sheets
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STEREOSCOPIC IMAGE DISPLAY
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s based upon and claims the benefit of
priority from prior Japanese Patent Application No. 2011-
189484 filed on Aug. 31, 2011 1n Japan, the entire contents of
which are incorporated herein by reference.

FIELD

Embodiments described herein relate generally to a stereo-
scopic 1mage display apparatus.

BACKGROUND

In the case of an autostereoscopic image display apparatus,
a viewer (user) can view a stereoscopic 1image with naked
eyes without using special glasses. In such a stereoscopic
image display apparatus, a plurality of images which differ in
viewpoint are displayed on a plane display device (for
example, a liquid crystal display device) and light rays from
these 1mages are controlled by an optical plate such as a
parallax barrier or a lenticular lens. As a result, the viewer
views a stereoscopic 1image. In general, the optical plate 1s
provided 1n front of the plane display device. The controlled
light rays are led to both eyes of the viewer. If the viewing
position of the viewer 1s adequate, the viewer can view a
stereoscopic 1mage. A zone of viewing positions where such
a stereoscopic 1mage can be visually recognized 1s referred to

as viewing zone.
However, there 1s a problem that such a viewing zone 1s

limitative. In other words, there 1s a pseudoscopy zone
formed of viewing positions where, for example, a viewpoint
of an 1mage perceived by a lett eye 1s located relatively on the
right side as compared with a viewpoint ol an 1mage per-
ceived by aright eye and consequently 1t becomes impossible
to percerve a stereoscopic 1mage correctly. In an autostereo-
scopic 1mage display apparatus, therefore, a normal stereo-
scopic image cannot be viewed 1n some cases depending upon
the viewing position of the viewer.

Therefore, 1t 1s conducted to enable viewing a correct ste-
reoscopic 1mage by providing a sensor on a stereoscopic
image display apparatus to detect the position of the viewer,
displaying an image as it 1s when the viewer 1s judged to be
located 1n a viewing zone on the basis of an output of the
sensor, and controlling a display image to cause an 1image for
the right eye and an 1image for the left eye to be ncident
respectively upon the right eye and the left eye of the viewer
when the viewer 1s judged to be located 1n the pseudoscopy
Zone.

In general, a camera 1s used as the sensor. In a conventional
stereoscopic 1image display apparatus having such a camera, a
stereoscopic 1mage displayed on the stereoscopic image dis-
play apparatus varies depending upon the position of the
viewer. Further, in some cases, although any one of a plurality
of viewers does not move from the position, it 1s recognized
on the basis of an image picked up by the camera that at least
one viewer 1s moving, and consequently a stereoscopic image
1s changed over. In this case, it 1s a problem that the stereo-
scopic image 1s changed over to viewers other than the viewer
recognized as moving.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram for explaining a stereoscopic image
display apparatus according to an embodiment.
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2

FIG. 2 1s a diagram for explaining a stereoscopic image
display apparatus according to an embodiment.

FIG. 3 1s a block diagram for explaining a stereoscopic
image display apparatus according to an embodiment.

FIG. 4 1s a flow chart for explaining operation of a stereo-
scopic 1mage display apparatus according to an embodiment.

DETAILED DESCRIPTION

A stereoscopic 1mage display apparatus according to an
embodiment includes: a display device including a display
panel having a display screen formed of pixels arranged 1n a
matrix form, and an optical plate which controls light rays
emitted from pixels on the display panel; a camera provided
in the display device; a face tracking unit which makes a
decision whether a viewer exists 1n front of the display device
based on an 1image picked up by the camera, and 11 the viewer
exists, samples and detects a distance from the display device
to the viewer and a position of the viewer; a memory which
successively stores the position of the viewer sampled and
detected by the face tracking unit; and an image display
control unit which, when the face tracking unit does not
recognize that the viewer exists, estimates the position of the
viewer based on the position of the viewer stored in the
memory and drives and controls the display panel on the basis
of the estimated position.

Hereafter, embodiments will be described with reference
to the drawings.

First Embodiment

A stereoscopic image display apparatus according to a first
embodiment 1s shown in FIG. 1. The stereoscopic image
display apparatus 1 in this embodiment 1s an autostereoscopic
image display apparatus including a display device 10 which
displays an 1mage and a camera 20 which detects a position of
a viewer on the basis of the image picked up. The display
device 10 has a screen formed of pixels arranged 1n a matrix
form. The camera 20 1s, for example, provided in a bottom
frame included 1n a frame which surrounds the display screen
of the display device 10.

Further, 1n the sterecoscopic image display apparatus
according to the present embodiment, a coordinate system
XY Z 1s set. For example, the coordinate system XY Z 1s set by
taking a plane parallel to the display screen of the display
device 10 as an X-Y plane and taking a direction which 1s
perpendicular to the X-Y plane and which approaches a
viewer 100 as a positive direction of a Z axis. Incidentally, an
X axis 1s set to be parallel to a lateral direction (horizontal
direction) of the display screen, and a Y axis i1s set to be
parallel to a longitudinal direction (vertical direction) of the
display screen.

As shown 1 FIG. 2, the display device 10 includes a
display panel 10a and an optical plate 106 provided 1n front of
the display panel 10a. The optical plate 105 1s, for example, a
parallax barrier, a lenticular lens, or the like. The optical plate
105 controls light rays emitted from pixels in the display
screen.

As shown 1n FIG. 3, the stereoscopic image display appa-
ratus 1 according to the present embodiment includes a face
tracking unit 30, a memory 35, and an image display control
unit 40. The face tracking unit 30 conducts 1image processing
on an 1mage picked up by the camera 20 and makes a decision
whether a viewer exists in front of the display device 10. If the
viewer 100 exists, the face tracking unit 30 detects a distance
from the display device 10 to the viewer 100 and the position
of the viewer 100 in the coordinate system. The face tracking
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unit 30 recognizes a face of the viewer 100 by conducting
processing on an image supplied from the camera 20, and
detects the distance from the display device 10 to the viewer
100 and the position of the viewer 100 1n the coordinate
system on the basis of the size of the face. For example, the
camera 20 recognizes both eyes, that 1s, a left eye 101a and a
right eye 1015 of the viewer 100. Since the distance between
centers of both eyes 1s nearly constant regardless of the per-
son, the camera 20 can find a distance z to the viewer 100 on
the basis of an 1image including the both eyes 101a and 1015.
As shown 1n FIG. 2, the distance z means a distance from a
front face of the optical plate 105 to a center 102 between eyes
of the viewer 100. Further, “the position of the viewer 100~
means coordinates (X, v, z) of the center 102 between eyes of
the viewer 100. The detection operation of the face tracking
unit 30 1s conducted with a constant repetition period (for
example, intervals of one second to several seconds). In other
words, the distance to the viewer 100 and the position of the
viewer 100 are sampled with a constant repetition period. The
memory 35 successively stores the distance to the viewer 100
and the position of the viewer 100 sampled by the face track-
ing unit 30. For example, data ranging from several samples
to several tens of samples before the present time 1s stored. In
other words, sampling 1s conducted 1n a predetermined time
range (a time range ol several samples to several tens of
samples before the present time).

Face tracking operation in the face tracking unit 30 1s
conducted when the viewer 100 selects an auto tracking mode
via a remote controller 105 shown 1n FIG. 1 (auto tracking
mode 1s on) and an 1mage displayed on the display device 10
1s a stereoscopic image. Furthermore, the face tracking opera-
tion 1n the face tracking unit 30 1s conducted when the viewer
100 does not select the auto tracking mode via the remote
controller 105 shown 1n FIG. 1 (auto tracking mode 1s off), an
image displayed on the display device 10 1s a stereoscopic
image, and the viewer 100 selects the auto tracking mode
manually via the remote controller 105. Furthermore, the face
tracking operation in the face tracking umt 30 1s also con-
ducted when the auto tracking mode 1s off and an image
displayed on the display device 10 has changed from a two-
dimensional 1image to a stereoscopic image.

The 1mage display control unit 40 makes a decision
whether the viewer 100 has approached the display panel 104
excessively on the basis of the detected distance z (step S10 1n
FIG. 4). As for the decision whether the viewer 100 has
approached the display panel 10a excessively, the viewer 100
1s judged to approach the display panel 10a excessively 1t

7z<3H

where H 1s the height of the display screen of the display panel
10a (see F1G. 1). ITthe viewer 100 has approached the display
panel 10a excessively, then a zone (viewing zone) where a
stereoscopic 1mage 1s normally viewed 1s considerably lim-
ited, and consequently the image display control unit 40
drives and controls the display panel 10a to display an alarm
on the display screen (step S12 in FIG. 4). An alarm may also
be displayed on the display screen in the case where the
viewer 100 has selected the auto tracking mode manually. In
any case, the image display control unit 40 may control an
image displayed on the display panel 10a and conduct view-
ing zone adjustment to make it possible for the viewer 100 to
view a normal stereoscopic image (step S12). This viewing,
zone adjustment 1s conducted 1n the case where the viewer
100 1s located 1n a position which 1s out of the viewing zone.
In other words, the 1image display control unit 40 makes a
decision whether the viewer 100 1s located 1n the viewing
zone. I the viewer 100 1s located in the viewing zone, then the
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4

image display control unit 40 sends an i1mage (parallax
image) to the display panel 10a without adjusting the viewing
zone, and exerts drive control. If the viewer 100 i1s located 1n
a position out of the viewing zone, then the image display
control unit 40 conducts the viewing zone adjustment. For
example, the image display control unit 40 exercises the drive
control to display an image shifted to the left side on the
display panel when the viewer 1s located on the right side of
the viewing zone while facing the front face of the display
panel and display an 1mage shifted to the right side on the
display panel when the viewer 1s located on the left side of the
viewing zone while facing the front face of the display panel.
The viewer 100 1s located 1n the viewing zone by the viewing
zone adjustment.

If the face tracking unit 30 cannot recognize the viewer 100
on the basis of an 1image supplied from the camera 20 (1n the
case of the non-recognition state) (step S14 1n FIG. 4), the
image display control unit 40 estimates that the viewer 100 1s
located 1n the position of the viewer 100 detected several
samples before and stored in the memory 35 (step S16),
conducts viewing zone adjustment, and drives and controls
the display panel 10q (step S18).

Incidentally, the non-recognition state 1s a state 1n which
none of viewers can be recognized. The following cases are
conceivable.

a) Viewers are actually absent owing to temporary occa-
s10ns of business.

b) A wvisual field of the camera 1s hindered by some
obstacle.

¢) The face position of the viewer 100 1s out of the visual
ficld of the camera to the left, right, above or below. For
example, 1f an adult viewer 100 stands up, the face gets out of

the visual field to above.

d) Although a viewer 100 exists in the visual field of the
camera, the viewer cannot be recognized owing to various
conditions.

As the case d), for example, a case where the face cannot be
recognized because the viewer 100 wears a mask, or a case
where the face cannot be recognized because the viewer 100
looks aside with respect to the display screen or looks down 1s
conceivable.

Incidentally, 11 a plurality of viewers are recognized and
then at least one of them becomes unrecognized and at least
another person 1s recognized, then the image display control
apparatus can not conduct the viewing zone adjustment.

The face tracking unit 30 and the image display control unit
40 can be incorporated in the display device 10, or can be
provided externally to the display device 10.

If an 1mage signal sent from the external 1s a two-dimen-
sional image signal, the image display control unit 40 has a
function of generating depth information of an 1mage from
the two-dimensional 1image signal and generating a multi-
parallax image signal from the two-dimensional image signal
by using the depth information, although not illustrated. Fur-
thermore, 11 the 1image signal sent from the external 1s a
multi-parallax image signal, the image display control unit 40
also has a function of changing the multi-parallax 1mage
signal to a multi-parallax 1mage signal suitable for the display
panel 10q. In addition, the image display control unit 40 also
has a function of converting these multi-parallax 1image sig-
nals to a stereoscopic 1mage.

According to the present embodiment, 1t 1s possible to
prevent a stereoscopic image from being changed over when
the viewer 1s not moving, as described heretofore.

Second Embodiment

A stereoscopic 1mage display apparatus according to a
second embodiment will now be described. The stereoscopic
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image display apparatus according to the second embodiment
1s obtained from the first embodiment by causing the face
tracking unit 30 to conducting sampling and causing the
memory 33 to generate and store a histogram on the basis of
the sampled data. The histogram can be generated, for
example, as described hereafter. The histogram can be gen-
erated by dividing a space of the coordinate system XYZ
which 1s set 1n the first embodiment to unit cells of, for
example, 1 cm’, making a decision which unit cell includes a
position (X, vy, z) of the viewer sampled and detected by the
face tracking unit 30, counting the number of sampling data
included 1n the unit cell, and storing the count 1n the memory
35. In other words, the memory 35 has a three-dimensional
array M(1,1,k) (1,1,k=0, 1, 2, . . . ). Each array corresponds to
cach unit cell, and the number of sampling data included 1n
cach unit cell 1s stored 1n a corresponding array.

At the time of non-recognition sate, the position of the
viewer 100 1s estimated on the basis of the histogram gener-
ated and stored 1n the memory 35. Coordinates (center coor-
dinates) of a unit cell where the histogram 1s maximized
becomes the estimated position of the viewer 100. The image
display control unit 40 drives and controls the display panel
10a to adjust the viewing zone by using the estimated posi-
tion.

Incidentally, the histogram may be generated in a determi-
nate time range (for example, a range of several seconds to
several tens of seconds). If generation of the next histogram 1s
started, the stored histogram may be eliminated from the
memory 33.

The histogram may be generated supposing that the dis-
tance from the display device 10 to the viewer 100 1s constant.
For example, the distance can be set equal to 3 H, where H 1s
a height of the display panel 10a. In other words, the three-
dimensional array M(1, 1, k) becomes a two-dimensional array
M(1, 1, L). Here, L 1s a maximum 1integer which does not
exceed 3 H. The capacity of the memory 35 can be reduced
and an amount of processing required to generate the histo-
gram can be reduced by generating the histogram in this way.

Incidentally, the position estimation of the viewer 100
using the histogram can be used when the viewer 100 has
selected the auto tracking mode manually and the state 1s a
non-recognition state.

In the second embodiment as well, 1t 1s possible to prevent
a stereoscopic image from being changed over when a viewer
1s not moving, 1n the same way as the first embodiment.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not mtended to limit the scope of the inventions.
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Indeed, the novel methods and systems described herein can
be embodied 1n a variety of other forms; furthermore, various
omissions, substitutions and changes 1n the form of the meth-
ods and systems described herein can be made without
departing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What 1s claimed 1s:

1. A stereoscopic 1image display apparatus comprising:

a display device comprising:

a display panel comprising a display screen comprising
pixels arranged 1n a matrix form; and

an optical plate configured to control light rays emitted
from the pixels on the display panel;

a camera;

a tracking unit configured to determine whether a viewer
exists 1n front of the display device based on an 1mage
captured by the camera, and if the viewer exists, to
determine a distance from the display device to the
viewer and a position of the viewer;

a memory configured to successively store the position of
the viewer sampled and detected by the tracking unat,
and to generate and store a histogram concerning the
position o the viewer sampled and detected by the track-
ing unit; and

an 1mage display control unit configured to estimate the
position ol the viewer based on the position of the viewer
stored 1n the memory when the tracking unit does not
recognize that the viewer exists, and to estimate a posi-
tion at which the histogram becomes maximum to be the
position of the viewer, and to drive and control the dis-
play panel based on the estimated position.

2. The stereoscopic 1image display apparatus according to
claim 1, wherein the generation of the histogram 1s conducted
in a first time range.

3. The stereoscopic 1mage display apparatus according to
claim 1, wherein the histogram 1s generated based 1n part on
the assumption that the distance from the display device to the
viewer 1s constant.

4. The stereoscopic 1image display apparatus according to
claim 1, wherein the tracking unit determines whether the
viewer exists in front of the display device based on a face of
the viewer.
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